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STUDY SCHEDULE NO. 28 

For each study step, read the assigned pages first at your 
usual speed. Reread slowly, one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind, then answer the Lesson Questions for that 
step. Study each other step in this same way. 


O 1* Direct Current Meters.Pages I-10 

The moat widely used measuring device is the D’Arsonval d.c, meter. Learn 
its principles and ail other meters are easy to understand. Here you learn how 
the meter range is extended and how meters are calibrated. This section is 
full of practical information on using current meters—information which may 
prevent your damaging your equipment. Answer Lesson Questions 1, 2, 3 and 4. 

I 1 2. Alternating Current Meters.Pages 10-19 

There are many ways of measuring alternating current. These methods have 
advantages and disadvantages which you must keep in mind; otherwise, you 
can get misleading readings* Here the principles of these methods are fully 
developed* Pay particular attention to the information on the copper-oxide 
rectifier, as this is the most widely used a.c. rectifier. Answer Lesson Question 5 

n 3. Voltmeters . .Pages 19-22 

Voltages are measured by the same kind of meter need for current. The im¬ 
portant difference is the arrangement of resistors used with the meter. A volt¬ 
meter will not always indicate the true operating voltage, depending on its 
sensitivity. The reason for this, as well as the practical means of allowing for 
this condition, is clearly brought out by practical examples. You won’t be con¬ 
fused by your voltmeter readings after reading this section. Answer Lesson 
Questions 6 and 7. 


I I 4. Ohmmeters . .Pages 22-25 

The ohmmeter is probably the most used service instrument. With it you de¬ 
termine resistor values, check condensers for shorts or leakage and check coilt 
and circuits for continuity. Practical data on using and safeguarding this valu¬ 
able device is given. Answer Lesson Questions 8 and 9. 


I | 5. Multimeters.Pages 25-28 

The multimeter is a combination current meter, voltmeter and ohifimeter, built 
into a single unit for convenience in using. The two basic types are covered, 
so you will know how to use either. Of course, there are many different scale 
ranges available, as each manufacturer has his own ideas as to the most de¬ 
sirable ones. Practically all the standard makes are good, however, once you 
learn to read their scales. This section closes with an important review of 
meter tolerances and their practical importance. Answer Question 10. 

(~~) 6. Mail your Answers for this Lesson to N.R.I. tor Grading. 

|~~| 7. Start Studying the Next Lesson. 
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CURRENT, VOLTAGE AND 
RESISTANCE MEASUREMENTS 


Direct Current Meters 


M ETERS are used constantly in 
radio work of all kinds. As a 
radio serviceman, you’ll make at least 
a few meter measurements on prac¬ 
tically every set you handle. 

Early in your N.R.I. Course you 
learned the elementary facts about 
what these instruments are and how 
they are used to measure current, volt¬ 
age and resistance. In this lesson you ’ll 
learn the practical details of actual 
commercial meters—how they’re made, 
how they work, what to expect from 
them, and—most important of all— 
the correct ways to use them. 

HOW IS CURRENT MEASURED7 

We cannot see an electric current, 
but we can detect a number of effects 
produced by its flow. We might use 
any one of these effects to measure the 
amount of current flowing. 

For example, we might use a ther¬ 
mometer to measure the heat produced 
by a current flowing through a wire. 
From this heat measurement, we could 
calculate the amount of current. 

Or, we might send the cunent 
through a resistance wire that will be¬ 
come hot enough to give off light—a 
common light bulb, for example. By 
measuring the amount of light pro¬ 
duced, we could determine the amount 
of current flow. 

Again, we might make the current 
flow through a certain silver salt solu¬ 
tion, causing a silver electroplating 


action. By weighing the amount of 
silver thus “plated,” we would have 
another means of measuring current. 
(This last, under carefully controlled 
conditions, is an international standard 
method of determining exact current 
flow.) 

But these methods are generally too 
slow and cumbersome for practical 
uses. We need a device which will re¬ 
act at once to changes in current and 
which can be used anywhere, not just 
under laboratory conditions. 

One of the first electrical discoveries 
was that the magnetic field which al¬ 
ways accompanies a current flow would 
make a compass needle move. Experi¬ 
ments soon proved that the distance 
the needle moves depends on the 
amount of current flowing. This was a 
highly important discovery, for it 
pointed out the basic principle used in 
most modern meters. Let’s now see 
how these metefs use this magnetic ef¬ 
fect to measure current. 

THE D'ARSONVAL METER 

Early experimenters soon found that 
the compass needle method of measur¬ 
ing current was not accurate enough, 
since it depended on the amount of 
magnetism in the needle and the effect 
of the earth’s magnetic field. A meter 
(known as the D’Arsonval type, after 
its inventor) was invented which over¬ 
came these objections. 

Instead of placing a compass within 



a coil, a small coil is suspended so it 
can move, and is placed in a strong 
magnetic field. When the current to 
be measured flows through the coil, a 
magnetic field is set up which interacts 
with the fixed field, causing the coil to 
move. The basic principle of this op¬ 
eration is shown in Fig. 1. You re¬ 
member that like magnetic poles will 
repel. If a small pivoted magnet is 
placed as shown in Fig. 1A, it will move 
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in the direction of the arrow. A cur¬ 
rent-carrying coil, such as the one 
shown in Fig. IB, has a north and a 
south pole. If this coil were put in 
place of the small magnet in Fig. 1A, 
it too would move. 

Unless some means are taken to stop 
it, once the coil starts to rotate, it will 
continue to do so. That is why the two 
fine spiral springs are attached at the 
ends of the coil. When the coil moves, 
the springs are twisted so that they 
oppose the coil movement. The more 
the coil rotates, the more opposition the 
springs give. Thus, the coil moves only 
to the point where the magnetic force 
causing rotation is balanced by the re¬ 
tarding action of the springs. When 
the current stops, the magnetic field of 
the coil disappears, and the springs 
move the coil back to the starting posi¬ 
tion. 

The magnetic force causing rotation 
of the coil is proportional to the 
amount of current flowing through the 


coil. Therefore, one particular value 
of current will make the coil rotate to 
one particular place. A larger current 
will rotate the coil farther; a smaller 
one will rotate it less. By attaching a 
pointer to the coil, the amount of move¬ 
ment can be indicated on a scale. This 
scale, when properly marked, will show 
us the amount of current flowing 
through the meter. 

This is the basic principle of the 
D’Arsonval type meter movement. It 
has been developed into the modern, 
practical meter shown in Fig. 2, Let’s 
look at its features. 

The small, powerful magnet is made 
from special steel or metal alloys, 
chosen for strong magnetic qualities, 
and long magnetic life. The stronger 
the fixed field, the more the coil will 
move for a particular current, so the 
permanent magnetic strength is made 
as high as possible. The magnet is 
specially treated and aged until the 
field strength remains constant. 

The pole pieces are soft iron, care¬ 
fully shaped to give the desired mag¬ 
netic field distribution. If the meter 
scale is to be linear (that is, so ad¬ 
justed that equal increases in current 
will produce equal increases in meter 
movement), the magnetic field must be 
uniform through the gap in which the 
coil turns. A soft iron core is inside 
the coil form. The coil moves through 
a small gap between this core and the 
pole pieces. By making this gap small 
to reduce the reluctance of the mag¬ 
netic path, we obtain a strong field. 

To make the coil easy to move, it 
is wound on a very light, thin metal 
form, and the coil and form are sus¬ 
pended between almost frictionless 
pivots with jewel bearings. The num¬ 
ber of turns and size of wire used to 
make the coil depend on the current 
range and sensitivity desired for the 
meter. 

The coil must start to move from 



the same position each time, in order 
for the pointer to come to rest at the 
proper point on the meter scale. This 
starting, or zero, position is determined 
by the springs. They are wound in a 
loose spiral so that they oppose any 
rotation which would either wind them 
tighter or unwind them. When the coil 
moves, one is wound while the other is 
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FIG. 2. Th« names of the meter parts. 


unwound. The springs thus oppose a 
coil movement in either direction away 
from the starting position, which is the 
position the pointer takes when no cur¬ 
rent is flowing in the coil. 

Naturally, these springs won’t al¬ 
ways remain perfectly balanced. That 
is why practically all good meters have 
a zero adjustment. This is a small 
screw which usually protrudes through 
the case of the meter just below the 
meter coil. By turning this screw, the 
upper coil spring can be moved enough 
to balance the springs and bring the 
meter pointer back to the zero position. 

The springs are also used to make 
the electrical connections to the coil, 
as shown in Fig. IB. The springs are 
metal, so they make ideal leads. Of 
course, this means they must be insu¬ 
lated from each other and from the 
meter frame. 


Meter Damping. When a current 
flows through it, the coil (because of 
its inertia) tends to overshoot or move 
past the correct point a small distance. 
Then the springs pull the coil back on 
the other side of the correct point. In 
other words, there is a wavering back 
and forth for a time before the meter 
pointer settles down to the proper 
readings. To keep this wavering as 
small as possible, the meter coil frame 
is made of metal. When it moves 
through the permanent magnet field, 
eddy currents are induced in the frame. 
These eddy currents set up an oppos¬ 
ing field which slows down the rate of 
coil movement, so that the coil comes 
to the correct point and stops. This 
steadying action is called damping. 

Another common method of damp¬ 
ing is to place a resistor between the 
meter terminals. A voltage is induced 
in the coil as it moves through the fixed 
field. This induced voltage causes a 
current flow through the resistor and 
coil, which sets up an opposing field 
with a result like that caused by the 
eddy currents induced in the coil form. 
In both cases, the damping action 
ceases as soon as the coil stops moving. 



What the inside of a meter looks like. 


The resistor value which will permit 
the most rapid coil movement, without 
noticeable wavering at full-scale meter 
reading, is called the critical damping 
value. This value varies widely with 
different meters—some may require 
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10,000 ohms, while others may need 
as low as 100 ohms. A resistor below 
the critical value causes overdamping 
and a slow meter movement, while too 
large a resistor does not damp enough. 

The eddy current method of damp¬ 
ing does not affect the meter range at 
all. The resistor method may or may 
not affect the current range of the 
meter, depending on the value of the 
resistance needed. You will learn more 
about this later on in this lesson. 

CALIBRATION 

The meter we have described will in¬ 
dicate when current is flowing. How¬ 
ever, we are usually most interested in 
the actual amount of current flowing, 
so we want the meter to have a scale 
marked off in units of current flow. 

By passing known currents through 
a meter, we can mark the scale accord¬ 
ing to the deflection obtained and thus 
calibrate the meter. “Calibrating" is 
the technical term for finding the ac¬ 
curate values of points on the scale of 
an instrument. For example, suppose 
you had a stick of wood with scratches 
on it that you wanted to use as a ruler. 
You’d “calibrate" it by finding how 
many inches each scratch was from one 
end of the stick. Meters are calibrated 
the same way—except, of course, each 
point on the scale is marked in terms 
of the current, voltage or other quan¬ 
tities needed to make the meter needle 
swing to that point. 

Large laboratories, such as the Bu¬ 
reau of Standards, determine currents 
very accurately by chemical or other 
means and hand-calibrate a standard 
meter. Then the standard meter is 
placed in series with a meter to be cali¬ 
brated, as shown in Fig. S. The amount 
of current passing through the two 
meters is varied in steps, and the meter 
readings are noted for each step. Since 
the standard meter is indicating the 
exact current flowing through both 


meters, the other meter can be direct¬ 
ly calibrated from the standard. This 
method is used in the manufacture of 
the more accurate and expensive 
meters. 

Meters of reasonable accuracy and 
much lower in price can be made by 
duplicating the hand-calibrated meter 
as closely as possible in all parts. These 
production meters usually have about 
the same response as the meter on 
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FIG. 3. Calibrating a metar by companion. 


which they were modeled, so the same 
scale can be used for all of them with 
fair accuracy. To improve the accu¬ 
racy of their mass-produced meters, 
manufacturers adjust the spring ten¬ 
sion and magnetic field so that the full- 
scale reading of each meter is correct. 

Percentage Accuracy. Highly ac¬ 
curate, hand-calibrated meters are ex¬ 
pensive, and not necessary for service 
work or ordinary testing. Servicemen 
generally use production meters with 
printed scales. The percentage of ac¬ 
curacy of such meters is expressed in 
terms of full-scale deflection. For ex¬ 
ample, suppose a milliammeter has a 
full-scale reading of 100 ma. If it is 
off 5 ma. when the needle gives a full- 
scale deflection, the meter is said to 
have a accuracy. (5/100 — .05 or 
5%). In other words, when the needle 
points to 100 ma., the actual current 
being measured may be 95 ma. or 105 
ma., or any value in between. 

Now this 5% accurate meter may 
have much poorer accuracy for read¬ 
ings at the low end of the scale. When 
the meter points to 10 ma., the meter 
may still be wrong by 5 ma., which 
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would mean a 50% error. (5/10 = 0.5 
or 50%). Of course, most of the better 
meters are held within 1% or 2% of 
full scale, and the inaccuracy at the 
low end of the scale is not as great as 
that given in our example. But here’s a 
practical tip—if several meter ranges 
are available, use the one giving a de¬ 
flection of more than half-scale. Then 
your reading will have the least error. 

Parallax. Inaccurate readings may 
result from looking at a meter scale 
from an angle rather than from right 
above it. Figure 4 shows you why. 

In order to swing freely, the pointer 
has to be at least a little distance above 
the scale. Now when you look right 
• down on the pointer, you get one read¬ 
ing. Say it’s 10. If you are off to one 
side, the pointer will seem tb give a 
different reading. It might be 9 or 11, 
depending on which side you are. The 
farther you are to either side, the far¬ 
ther off the apparent reading will be 
from the true one. (You can prove this 
for yourself by trying to read your 
watch at an angle.) This shift in the 
apparent position of the pointer, due 
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FIS. 4. Alway* look straight at a meter to avoid 
parallax. 

to the position of the observer, is called 
parallax. 

Most laboratory meters have a 
small mirror on the scale under the 
pointer, so unless your eye is directly 
above the pointer, you will see a re¬ 
flection of the pointer in the mirror. 
With such meters, you can avoid par¬ 
allax by always moving to where the 
reflection disappears behind the pointer 
before making the reading. 

In service and communications 


work, highly accurate readings are 
usually unnecessary. Even so, good 
service meters have pointers shaped 
like knife blades. These pointers look 
thinnest when viewed from the correct 
position. 

EXTENDING CURRENT RANGES 

In practical service and laboratory 
work, both large and small currents 
have to be read. We could use a num¬ 
ber of different meters having the re- 



FIG. 5. The current flow divide* between the 
meter and shunt. 


quired ranges, but meters are costly 
and bulky. It is far better to have one 
meter and a means of changing its 
current range. 

Shunts. Suppose we have a 1-ma. 
meter and want to measure 10 ma. Wc 
can do so by putting a resistor across 
the terminals of the meter of such a 
value that 9/10 of the current coming 
into the resistor-meter combination 
will flow through the resistor and only 
1/10 will flow through the meter. In 
other words, we use the resistor to “by¬ 
pass” 9/10 of the current. Figure 5 
shows how this is done. When we read 
the meter, we simply remember that 
there is 10 times as much current flow¬ 
ing as the meter shows—so we multiply 
the meter reading by 10 to get the ac¬ 
tual current flow. If our meter reads 
0.5 ma., we know the real current is 5 
ma. (0.5 X 10 — 5); if it reads 1 ma., 
the actual current is 10 ma. (1 X 10 
= 10). 

Since the“by-pass”resistor R makes 




a parallel (or shunt) path around the 
meter, it is called a shunt. The ohmic 
value of R is calculated so that it will 
pass a current equal to the difference 
between the total current to be meas¬ 
ured and the amount the meter needs 
for full-scale deflection. For example, 
suppose we want to measure currents 
up to 25 raa., but all we have is a 1-ma. 
meter. Then we’ll have to find a shunt 
R which will pass 24 ma. 


To do this, we use Ohm’s Law, R = 
E/I$. The voltage E is the voltage 
across the meter terminals. This volt¬ 
age is called the meter millivolt rating 
and is equal to the basic meter cur¬ 
rent range multiplied by the meter 
resistance, so we can substitute for 
E in our Ohm’s Law equation the 
quantity I M X Rm- (La is the basic 
meter current; i? M is the meter resist¬ 
ance.) The current I s is the current 
which passes through the shunt. This 
current equals the total current minus 
the basic meter current, so we can sub¬ 
stitute for I s the quantity / T — I M (/ T 
is the total current flowing; / M , as be¬ 
fore. is the basic meter current.) 

Now our Ohm’s Law equation reads: 

p R M X 

K 1 7 — / M 

VVe can find R by substituting values 
for the other terms. (All currents must 
be figured in the same units—that is, 
all in milliamperee or all in amperes. 
Then R will come out in ohms • 
Suppose our 1-ma. meter has a re¬ 
sistance of 100 ohms. The current / T 
we want to measure is 25 ma. Then, 


R 


100 x -001 .1 


4.2 ohms, 


.025 — .001 .024 

and we’ve found the size shunt we need. 


To find the actual total current flow¬ 
ing, multiply the reading on a shunted 
meter by the ratio of the current range 
of the meter with shunt to the current 
range without shunt. In our example, 
a 1-ma. meter was made a 25-ma. 
meter by the use of a shunt, so meter 


readings must be multiplied by 25 to 
learn the actual current flow (25/1 -= 
25). Remember—the meter itself is 
not passing 25 ma. Only 1 ma. goes 
through the meter, and 24 ma. go 
through the shunt. 

You remember that a shunt resistor 
helps damp a meter. Most shunts have 
a resistance less than the critical 
damping value, so the meter movement 
is slowed down somewhat. This over¬ 
damping is not usually objectionable, 
however. 

MULTI-RANGE CURRENT METERS 

Very likely the meter you’ll use in 
your service work will have a number 
of ranges, with several built-in shunts ♦ 
and a switch arrangement. Figure 6 
shows one way such a meter might be 
made. When the selector switch is in 
position 1, the meter is not shunted. In 
other switch positions, different shunts 
are thrown in, giving various ranges. 
Typical ranges might be: 1 ma.; 10 
ma.; 100 ma.; 10 amperes. Whatever 



FIG. 6. Multi-range current meter. 

the ranges, the manufacturer will mark 
the scale for each range so you won’t 
have to do any figuring. The only 
usual exception is when one range is 
10 times another, as when the ranges 
are 10 ma. and 100 ma. There, you may 
have to multiply by 10 when using the 
100-ma. position, getting your readings 
from the 10-ma. scale. This is easy, 
however. 

The greater the current range exten¬ 
sion, the smaller the shun-t resistor 










must be. With meters of low resistance, 
the shunt necessary to extend the range 
above 1 ampere is usually only a frac¬ 
tion of an ohm—so even a small 
amount of switch-contact resistance in 
series with the shunt might cause a 
large current to flow through the meter. 
To avoid this contact-resistance 
trouble on the high current range, 
many service instruments use the extra 
terminal C shown in Fig. 6. Terminals 
A and B are used for the basic range 
and for the low extensions. For the 
high-current range, terminals B and C 
are used. Shunt R 3 is connected right 
between B and C. The selector switch 
is now in the meter circuit. In measur¬ 
ing high currents, switch-contact re¬ 
sistance will not matter greatly, as it 
adds to the meter resistance instead of 
to the shunt resistance. Also, the high 
current does not flow through the se¬ 
lector switch contacts. However, Fig. 
6 does not represent the best arrange¬ 
ment, as it is possible to damage the 
meter if the switch develops too much 
contact resistance in position 2 or 8 or 
should open-circuit when switching. 

This damage is avoided in the circuit 
shown in Fig. 7, which is known as a 
“series or ring shunt." When the se¬ 
lector switch is in position 1, the low¬ 
est range is obtained. Note that this 
is not the basic meter range, as the re¬ 
sistors Ri, R 2 and R 3 are acting as a 
shunt across the meter. 

When the switch moves to position 
2, resistors R 2 and R 3 are the shunt, 
while Ri is added to the meter resist¬ 
ance, since it is now in series with the 
meter. Similarly, in position 8, R 3 is 
the shunt while Ri and R 3 are in series 
with the meter. 

There are two advantages to this ar¬ 
rangement; the meter is protected 
against damage at all times, and the 
resistors are relatively independent of 
the meter resistance, so they can be 
chosen to be any reasonable values. 



FIG. 7. The use of a ring shunt makes this a 
better multi-range current meter. 


Switch-contact resistance causes no 
trouble, since it adds no resistance to 
either the meter or shunt circuit. 
Should the switch become defective, 
the entire meter circuit is opened and 
protected instead of damaged. 

USING A DIRECT CURRENT METER 

There are five things you must kejep 
in mind when using a current meter. 
Let's see what they are and why they’re 
important. Then we’ll summarize our 
findings in five easy-to-remembei 
rules. 

1. Series Connection. The most 
important thing to remember is that 
the current meter must be in series 
with the circuit. If necessary, unsolder 
a lead or cut a wire so the meter can 
be placed in the circuit. Remember , 
the circuit current you want to meas¬ 
ure must pass through the meter itself. 
If a milliammeter is ever connected 
across a circuit part (in parallel ), it is 
almost certain to be burned out. 

2. Correct Point. In the simple cir¬ 
cuit shown in Fig. 8, the meter may be 
placed anywhere in the circuit. The 
meter readings at A, B and <7 will be 
the same, because the same current 
flows through the entire circuit. How¬ 
ever, when checking screen-grid or pen¬ 
tode tubes another problem arises. The 
screen-grid current also flows in the 
cathode lead in returning to the B sup¬ 
ply. Hence, the plate current alone 







can be measured only at positions B or 
C. Position A will give both screen and 
plate currents together. 

When more than one tube is used, 
as shown in Fig. 9, notice there are now 
two paths for current, one for each 
tube. If you want to measure the plate 
current for tube VT\ only, be careful 
to locate a point where only the plate 
current of this tube is flowing. The 
cathode lead of tube VT 2 may connect 



FIG. 8. Be sure to place a current meter in 
series end use the proper polarity. 


directly to the cathode of VTi and the 
B-f- ends of resistors Ri and R» may 
be directly connected together, so posi¬ 
tions such as A and C of Fig. 8 may 
not be usable. The shaded areas of 
Fig. 9 show the proper places to meas¬ 
ure the plate current of VTi. You must 
be sure to insert your meter where only 
the desired current is flowing. Other¬ 
wise, false readings will result. The 
meter may even be damaged if the sum 
of the currents exceeds the meter range 
you have chosen. 

3. Current Range. The current 
range of the meter must be higher than 
the expected current; otherwise, the 
meter may be badly damaged or even 
ruined. The circuit current is deter¬ 
mined by Ohm’s Law, 1 = E/R, where 
R is the total of all the resistance in 
the circuit. In a circuit like Fig. 8, with 
a fixed supply voltage, the tube plate 
resistance plus resistor Ri determines 
the current flow. The current will be 
about 5 to 10 ma. if this is an ordinary 
amplifier tube. However, if the tube 
or resistor R% is short-circuited in some 


way, the resistance of that part is re¬ 
moved and the current will be many 
times higher—perhaps enough to burn 
out the meter. 

This danger is the reason that cur¬ 
rent measurements are not made very 
often in service work, except where 
voltage and resistance measurements 
indicate that it is safe to do so. When 
using a multi-range current meter, al¬ 
ways start with the highest current 
range and switch to lower ranges if the 
readings permit. Voltage and resist¬ 
ance measurements properly made will 
usually make it possible to calculate 
the current, saving you the trouble of 
opening the circuit except in rare in¬ 
stances. (In transmitters it is neces¬ 
sary to know certain current values at 
all times for adjustment and mainten¬ 
ance purposes, so current meters are 
permanently connected in the proper 
plate and grid circuits.) 

4. Meter Resistance. In the usual 
plate circuit, the tube and other parts 



FIG. 9. The right meter position is important. 


have resistances many times the meter 
resistance, so inserting the meter does 
not affect the amount of current flow 
much. For example, a meter of 100 
ohms added into a circuit of 10,000 
ohms obviously will not greatly change 
the circuit resistance. Suppose we were 
to apply 200 volts to a 10,000-ohm re¬ 
sistor. From Ohm’s Law (7 = V -r- R ), 
the current would be .02 ampere or 20 
ma. Now if the circuit resistance is in- 



creased 100 ohms by the insertion of a 
100-ohm meter, the total resistance 
will be 10,100 ohms. The current then 
will be .0198 ampere or 19.8 ma. You 
would not be able to read the average 
meter close enough to tell the differ¬ 
ence between 19.8 ma. and 20 ma., so 
for all practical purposes, the meter has 
not changed the current flowing in the 
circuit. 

However, if the meter is inserted in 
a low-resistance circuit, it will fre¬ 
quently change the current or may 
even determine the amount of current 
flow. For example, a tube filament may 
have a resistance of 40 ohms. If a 100- 
ohm meter is connected in series, the 
original current will be cut consider¬ 
ably. If the voltage is 2 volts, the 
original filament current for a 40-ohm 
filament resistance would be 50 ma. 
With the meter resistance added in 
series, the total is now 140 ohms; so 
the current would be cut to about 14 
ma., which is about % of the original 
value. Here you would have to depend 
on voltage and resistance measure¬ 
ments. In laboratory work particular¬ 
ly, the effect of the meter must be 
carefully considered, and the lowest 
resistance meter available, with the re¬ 
quired range, must be used. If a suit¬ 
able meter is not available, other types 
of measurements must be made. 

5. Polarity. The direction of move¬ 
ment of the meter coil and the attached 
needle depends on the direction of the 
magnetic force, which in turn depends 
on the direction of current flow through 
the coil. If the meter is connected 
backwards, it will indicate backwards 
or down-scale. 

The meter terminals are marked so 
that proper connections can be made. 
Just remember to connect the positive 
terminal of the meter toward the posi¬ 
tive terminal of the source, so electrons 
enter the negative meter terminal. 

To help fix this in your mind, refer 


back to Fig. 8 where the oorrect meter 
polarity is indicated. When a tube is 
in the circuit, it acts as a signpost, 
showing the direction of electron flow 
through the entire circuit.. Electrons, 
of course, flow only from the cathode 
of a tube to its plate and continue to 
flow in the same direction through the 
rest of the circuit. To make the meter 
needle, read up-scale, the electrons 
must enter the negative meter terminal. 
Should the meter connections be re¬ 
versed so the electrons enter the meter 
terminal marked the meter needle 
will read down-scale. 

If the circuit does not contain a tube, 
you have to determine the polarity of 
the source and folkjwtfie-ruje of con¬ 
necting the positive meter terminal ^to¬ 
ward the positive of the source. \ 

Now let’s summarize what we’ve 
learned about using current meters. 

1 . Always connect the meter in series 
with the circuit. 

2. In multiple circuits, connect the 
meter where only the desired current 
flows. 

8. Always use a meter range higher 
than the expected current. 

4. The meter (and shunt, if used) 
resistance must be much smaller ui&n 
the circuit resistance. 

5. Connect the meter so electrons 
enter the negative terminal. 

PULSATING CURRENT 

Suppose we tried to measure a.c. 
with our d.c. meter. What would hap¬ 
pen? 

If it were very slowly changing a.c., 
the coil would turn first in one direc¬ 
tion and then in the other, as indicated 
by the fact that we must watch polar¬ 
ity. This means that half of the time 
the meter needle would be off-scale. 
This would not happen with 60-cycle 
a.c., however, because the meter move¬ 
ment is too slow to follow a.c. varia¬ 
tions occurring more than 5 or 10 times 
per second. For alternating currents 



of higher frequency than 5 cycles, the 
inertia of the meter movement makes 
the D’Arsonval merter indicate the 
average current over a period of time. 

When you analyze an a.c. wave, you 
will notice that in each cycle the cur- 



in Fig. 10. Our meter won’t read the 
a.c., but it will read the d.c. So, on 
pulsating d.c., a meter reading shows 
only the amount of d.c. present. 

In the case shown in Fig. 11 A, an a.c. 
cycle has been rectified by a half-wave 
rectifier. Now the pulses exist in the 



FIG. II. Notice that full-wav© rectification (B) 
produces a d.c. average twice that of half-wave 
rectification. 


FIG. 10. The average value of a pulsating d.c. 
w«ve is equal to the d.c. component. 

rent is alternately positive and nega¬ 
tive, so the average current is zero. 
That is, the positive swings are equal 
to the negative swings, so their effect 
on a slow-moving object is zero. This 
is important; it means that a D’Arson¬ 
val meter alone will not read on a.c.— 
it can only indicate the a.c. average 
(zero), regardless of the amount of a.c. 
current passing through it. 

Now a pulsating current has both a 
d.c. and an a.c. component, as shown 


same direction all the time, so this is 
another form of pulsating current. 
Even though there are gaps when no 
current flows, there is still an average 
value. (Naturally, this average is low; 
it’s only about .3 of the peak value.) 
The DArsonval meter will indicate 
this average value. When a full-wave 
rectifier is used, the average value is 
higher, as shown in Fig. 11B. The aver¬ 
age is now about .64 of the peak value. 

Just remember this—any pulsating 
current has a d.c. average which can 
be read on a D’Arsonval meter. 


Alternating Current Meters 


In discussing alternating current 
meters, we will consider power line, 
a.f. and r.f. currents all as a.c. The 
only difference is one of frequency; 
however, this is important because 
some a.c. meters cannot measure the 
higher audio or r.f. frequencies accu¬ 
rately. 

In the preceding section, you saw 
that a D’Arsonval meter could not by 
itself measure a.c., because the aver¬ 
age value of a sine wave current over 
a period of time is zero. But our meter 
can be used to measure a.c. if we find 


some way to make this average value 
different from zero. Actually, there are 
three general classes of a.c. measuring 
devices, and D’Arsonval meters are 
used in two of them. The three classes 
are: 

1. The D’Arsonval d.c. meter with 
a vacuum tube or copper-oxide recti¬ 
fier. 

2. The d.c. meter with a conversion 

device, such as the thermocouple or 
photoelectric cell. y' 

S. True a.c. meters, such as the hot- 
wire, magnetic-vane and the' electro- 



dynamometer types. 

Let's examine each type to see how 
it works. 

ALTERNATING CURRENT RECTIFIERS 

Vacuum Tubes. Any diode tube 
will rectify a.c., as current can pass 
through the tube only when the plate 
is positive with respect to the cathode 
Of the tube. In the circuit shown in 
Fig. 12, the diode tube VT passes cur¬ 
rent only when terminal 1 is positive 
with respect to terminal 2. The result¬ 
ing half-wave pulses have an average 
value which is about .3 of the a.c. peak. 
This average value will produce a de¬ 
flection on a D’Arsonval meter. 



The condenser C in Fig. 12 is used 
to by-pass the high-frequency pulsa¬ 
tions around the meter. The meter 
movement is a coil and so has induct¬ 
ance. If not by-passed, the inductive 
reaotance would be added to the meter 
resistance and might both upset the 
circuit and make it non-linear with re¬ 
spect to frequency. The condenser al¬ 
so serves to smooth out the pulsating 
current, bringing the peak value down 
and raising the d.c. average. This not 
only gives a greater sensitivity, but al¬ 
so reduces the danger of high peak 
values damaging the meter. 

The rectifier tube and meter can’t be 
placed in series with the circuit whose 
current we wish to measure, because 
the tube will change the a.c. in the cir¬ 
cuit to a pulsating current. We want 
rectification for the meter, not for the 
Complete circuit. We get it by insert¬ 
ing resistor in series with the circuit. 
The a.c. voltage developed across the 
resistor then is applied to the tube- 


meter combination. Thus, we are ac¬ 
tually measuring the current indirect¬ 
ly by the voltage drop produced in this 
resistor. The meter is calibrated so all 
these conditions can be accounted for. 
Usually, it indicates the effective or 
r.m.s. value of the a.c. 

Figure 18 shows how a triode tube 
may be used for rectification. The C 
bias is adjusted so that the plate cur¬ 
rent is nearly zero. When an alternat¬ 
ing current flows through resistor R, 
an a.c. voltage is developed across it. 
Negative alternations make the grid 
even more negative and so have prac¬ 
tically no effect on plate current. How¬ 
ever, the positive alternations swing 
the grid in the other direction so that 
plate current pulses flow. The metei 
then responds to the average plate cur¬ 
rent. 

This plate current is proportional to 
the a.c. grid voltage, which is deter¬ 
mined by the alternating current in the 
circuit and the value of resistor R. 
Thus, the plate current is an indirect 
measure of the circuit current. 



FIS. 13. How a triode rectifier is connected. 


Resistor R acts just like a shunt in 
this circuit. For example, we may need 
1 volt on the grid to produce a full- 
scale meter deflection. By using a 
1000-ohm resistor, a circuit current of 
1 ma. would give 1 volt. If we use a 
100-ohm resistor, 10 ma. would be 
needed to produce 1 volt. 

Copper - Oxide Rectifiers. The 
D'Arsonval meter and copper-oxide 
rectifier* combination is the most 


‘Selenium on iron is also used in place 
of copper oxide, and the same rectifier cir¬ 
cuits are used. 



widely used a.c. measuring device, and 
is found in the equipment used by most 
servicemen. The copper-oxide rectifier 
is stable, relatively reasonable in cost, 
and can be designed to work on small 
currents. 

Each rectifier element consists of a 
copper disc or washer, which has one 
surface oxidized by a special heat 
treatment. A contacting washer, usual¬ 
ly made of lead, is pressed on the oxide 
layer. This oxide layer rectifies be¬ 
cause it permits electron flow, through 
the layer in one direction much more 
readily than in the other. In other 
words, electrons can move easily from 
the copper through the oxide to the lead 
contacting disc but they encounter a 
fairly high opposition when trying to 
move in the other direction. 

There are several different ways of 
connecting these elements, but the most 
common is the full-wave bridge circuit 
shown in Fig. 14. Four separate ele¬ 
ments are used in the bridge. In prac¬ 
tice, these elements would be mounted 
on an insulated single bolt, with insu¬ 
lating washers between the elements. 

The arrows alongside the elements in 
Fig. 14 indicate the directions in which 
electron movement most easily occurs 
for each half cycle. When terminal 1 
is negative (2 is positive), the electrons 
move in the direction shown by the 
solid arrows. At point A the electrons 
choose the path toward point B, be¬ 
cause rectifier W conducts better than 
rectifier X for this half of the a.c. 
cycle. At point B, the electrons go 
through the meter instead of rectifier 
Z, since Z offers a high impedance to 
electrons moving in this direction. 
Reaching C, the electrons pass through 
rectifier Y to point D, and from there 
go to terminal 2 . 

When the cycle reverses, terminal £ 
becomes the negative terminal. Now 
electrons follow the dotted arrows from 
terminal 2 to D, then through rectifier 


Z to B. From here, the path is through 
the meter to C, then through rectifier 
X to A and so to terminal 1. Note that 
regardless of the polarity at 1 and 2, 
electrons always pass through the me¬ 
ter in the same direction, which is ex¬ 
actly the action of a direct current. 
Hence, a direct current meter can be 
used at M. 

We use full-wave rectification in 
this circuit because it gives a higher 



FIG. 14. The copper-oxide rectifier in a bridge 
is the most common rectifier for service work 

average current, about twice that for 
half-wave rectification. This practical¬ 
ly doubles the meter sensitivity by giv¬ 
ing a'higher meter deflection for the 
same amount of alternating current, 
so that our meter has an a.c. sensitiv¬ 
ity almost as good as that on d.c. 

If one element of the bridge burns 
out, half-wave rectification will be ob¬ 
tained instead of full-wave. Then, 
since the average current is only about 
half that for full-wave, the meter will 
only read about half as much as it 
should. You can easily spot a damaged 
rectifier element in a meter of this type 
—check a known a.c. current; if the 
reading is half what it should be, one 
of the elements is damaged. 

The back-to-back circuit is another 
form of full-wave bridge, with the ad¬ 
vantage of using only two rectifier ele¬ 
ments instead of four. The circuit gets 
its name from the rectifier connections, 
where the “backs” are connected to¬ 
gether as shown in Fig. 15. The resis- 



tors R\ and R 2 replace two of the rec¬ 
tifier elements of the usual bridge cir¬ 
cuit, and are chosen to have a resist¬ 
ance about halfway between the con¬ 
ductive and non-conductive values of 
a copper-oxide element. (An element 
may have only 100 ohms opposition to 
electron flow one way and several 
thousand ohms opposition to electron 
flow in the other direction.) 

There is a continuous a.c. path 
through the resistors, but this current 
does not pass through the meter. When 
electrons move from source terminal 1, 
rectifier W becomes conductive, so 
there will be an electron flow through 
this rectifier to point B. Rectifier Z op¬ 
poses current flow by having more re¬ 
sistance than the path through meter 
M and resistor R 2 , so the major elec¬ 
tron movement is from 1 to A, through 
W to B, through M to C, through R 2 
to D and thus to 2. On the next half 
cycle, the major electron movement is 
from terminal 2, through rectifier Z, 
then through the meter and resistor Ry 
back to terminal 1. Thus, when the 
rectifier is conducting, it offers less op¬ 
position than the resistor directly 
across from it, but when the cycle re¬ 
verses the resistor is more conductive 
than the rectifier. 

To extend the a.c. range with either 
form of bridge, shunts are connected 
between terminals 1 and 2 instead of 
across the meter. If shunts were used 
across the meter, higher currents would 
have to flow through the rectifier ele¬ 
ments and would burn them out. 

Copper-oxide rectifiers have two 
faults: 1 , they are easily damaged; and 
2 , they have a high shunting capaci¬ 
tance between terminals. 

Reasonable care to prevent over¬ 
loading will protect them from burn¬ 
out. They must not be exposed to high 
temperatures for very long. Heat tends 
to change the chemical characteristics 
of the oxide layer, causing a change in 


the rectifying ability of the unit. Tik, 
much heat, such as from a soldering 
iron, can ruin a rectifier. 

The high self-capacitance generally 
limits the copper-oxide rectifier to 
power line and the lower audio fre¬ 
quencies. By reducing the size of the 
rectifier elements the capacity is re¬ 
duced, so the frequency range can be 
extended somewhat. 

Of course, the capacitance does not 
prevent the use of these rectifier-meter 
units as r.f. current indicators; it just 
changes the calibration. With increases 
in frequency, the capacity acts as a de¬ 
creasing shunt reactance, so the cur¬ 
rent range changes rapidly. However, 
reasonably accurate readings on the 
original meter scales of some types of 
meters can be made up to 80 kc. with¬ 
out special calibration charts. Since 
you, as a serviceman, will be primarily 
interested in measuring operating volt- 



PIG. 15. The back-to-back bridge Java* two 
rectifier elements. 

ages and currents which are d.c., power 
line a.c. or low audio frequency a.c., 
you can usually ignore the frequency 
characteristics. 

CONVERSION DEVICES 

Thermocouple. The need for a 
sensitive indicator for r.f. currents led 
to the development of the thermo¬ 
couple, commonly found in transmit¬ 
ter installations and research labora¬ 
tories. 

This device works on an interesting 
principle—the fact that when a junc- 




bulb. The bulb can. then be connected 
in the circuit carrying the current, and 
the photocell-meter used to indicate 
the current. This method is not very 
accurate—it’s more useful to indicate 
when changes occur or when maximum 
current flows than it is to indicate the 
exact amount of current. 

TRUE A.C. METER MOVEMENTS 

You recall the D’Arsonval meter 
cannot be used directly on a.c. because 
it cannot follow the rapid reversals of 
current. „ Even if it could, it would 
reverse its direction when the a.c. re¬ 
verses. This is because the coil field 



RG. 19. Here ere two common 


19A. When current flows through the 
coil, the vane is magnetized by the 
coil's magnetic field, with a magnetic 
polarity opposite to that of the coil. 
Since opposite poles attract, the vane 
will be attracted into the coil until the 
magnetic force is balanced by the 
spring. The vane is soft iron, so it does 
not become a permanent magnet. 
Hence, when the current flow through 
the coil reverses, the reversal of the 
coil magnetic field also reverses the 
polarity of the magnetic vane and the 
attraction is maintained. 

Figure 19B shows another type of 
magnetictvane meter. Two pieces of 



of magnetic vane movements. 


reverses with the a.c. flowing through 
it, but the fixed magnetic field con¬ 
tinues to have the same polarity. If 
we can arrange the meter so both mag¬ 
netic fields reverse at the same time 
the a.c. reverses, the magnetic turning 
force will always be in the same direc¬ 
tion and the meter will indicate just as 
if d.c. were applied. There are two 
meters that do this, the magnetic-vane 
and the electrodynamometer types. 

Magnetic-Vane Meters. This meter 
works in a different manner from the 
D’ArBonval movement. Instead of us¬ 
ing a fixed magnet and a moving coil, 
the coil is fixed and a soft iron vane is 
the moving element, as shown in Fig. 


soft iron are used in this type, with the 
coil wound around both. The trian¬ 
gular piece AB is bent in a cylindrical 
shape and is mounted on the inside of 
the coil form. The rectangular piece 
CD is also bent in a cylindrical shape. 
This piece is connected to the spindle 
XY, to which is attached the meter 
pointer and restoring spring. 

When current flows through the coil, 
both pieces of iron are magnetized. As 
the coil field is along the axis of XY, 
the top and bottom edges of vanes 
AB and CD will become the magnetic 
poles. The edges C and D will have the 
same polarity as A and B respectively. 
Thus, C and A may be north poles, 
while D and B may be south poles. This 



means like poles are near each other 
and will repel. The soft iron pieces are 
so placed and shaped that CD rotates 
to the right (clockwise). Again, the 
movement will be to the point where 
the spring balances the magnetic force. 

When the coil field reverses, both 
magnetic poles reverse, so the magnetic 
opposition remains the same as before. 

Although several other types of mag- 
netic-vane movements have been de¬ 
veloped, they all have similar charac¬ 
teristics. To produce the strong mag¬ 
netic field required, the coil must have 
a large number of turns. The coil thus 
has considerable inductance, which 
will upset the calibration if high-fre¬ 
quency currents are measured. Also, 
there is a limit to the frequency with 
which the vane magnetism can be 
changed, so these meters are used only 
for d.c. and low-frequency a.c. 
measurements. 

The inductance of the meter coil 
makes it hard to use shunts for extend¬ 
ing the range, because the coil reac¬ 
tance changes with frequency — so 
these meters usually have only one 
range. In spite of all its shortcomings, 
low cost and rugged construction have 
made the magnetic-vane meter very 
popular for use where great accuracy 
is not required. 

Elecirodynamomeier. This meter 
is a moving-coil type, but is quite dif¬ 
ferent from the D’Arsonval meter. No 
fixed magnet is used; instead, the field 
is produced by an electromagnet, and 
the moving coil has an air core. Fig¬ 
ure 20 shows a typical electrodynamo¬ 
meter. Coil A is the field coil, which 
may be wound on any suitable coil 
form. The inner coil B is the moving 
coil, made so it can rotate within coil 
A. The two coils are connected in se¬ 
ries. When current flows through the 
coilB, both develop magnetic fields pro¬ 
portional to the current strength and 
the number of turns on each coil. This 


causes coil B to rotate until the mag¬ 
netic force is balanced by the spring, 
as in other meters. 

When alternating current is meas¬ 
ured, the reversal of the direction of 
current reverses both magnetic fields, 
so the repulsion remains the same as 
before. Hence, the meter can be used 
either for a.c. or d.c. 

The moving coil has a tendency to 
waver back and forth a while before 



FIG 20. This electrodynamometer does not use 
a permanent magnet* 


settling down to the correct reading, 
just as with other meter movements. 
This wavering is damped by a vane 
attached to the moving coil and fixed 
to rotate through a closed chamber 
known as a damper box. When the coil 
moves, the damper vane also moves, 
compressing the air ahead of it in the 
daaaper box. The compressed air acts 
as a cushion, so that the pointer comes 
slowly up to the correct reading and 
then stops. 

Because of the inductive effects of 
the coil windings, the frequency range 
of such meters is limited. The usual 
types hold their calibration for fre¬ 
quencies up to 130 cycles; special me¬ 
ters can have ranges up to 1000 cycles 
or more, but will be accurate only for 
frequencies very close to the frequency 
for which they were built. 

The original electrodynamometers 
were used as standard instruments, as 
they could be calibrated directly from 
their dimensions. Modem commercial 



tion of two dissimilar metals is her.ted, 
a d.c. voltage is produced. Thus if a 
junction between a copper rod and an 
iron rod is heated in a flame, a d.c. 
voltage is produced; the two unjoined 
ends of the rods are now the d.c. 
terminals. This method of getting a 
voltage suggests a means of converting 
a.c. power through its heating effects. 

VVe know that current flow through 
a resistance produces heat, so if we can 
bring a junction of dissimilar metals 
up to a resistor acting as the source 
of heat, the d.c. voltage so developed 
can be used to operate a d.c. meter. 
Figure 16 is a typical arrangement. 



FIG. 16. The thermocouple Is widely used for 
r.f. measurements. 


The wire between terminals 1 and 2 is 
a resistance wire, called the heater. The 
wires between A and S and A and 4 
are the thermocouple elements. 

The heater wire is made short, and 
the ends are connected to large ter¬ 
minals so that heat developed near the 
ends will be rapidly conducted away. 
Hence, the heat is concentrated at 
point A, the center of the heater. The 
dissimilar metal junction, called the 
thermocouple, is placed at A. In some 
cases, the thermocouple is just near 
the heater, while in others it is welded 
to it. Since the voltage produced for a 
particular temperature depends on the 
metals used in the thermocouple, these 
metals are carefully chosen to give 
the greatest d.c. voltage. The wire be¬ 
tween S and A may be platinum, while 
the wire between 4 and A may be con- 
itantan. 

The current to be measured is per¬ 


mitted to flow through the heater wire, 
between terminals 1 and 2. The result¬ 
ing heat is proportional to the power 
dissipated in the resistance of the 
heater, which in turn makes the heat 
proportional to the square of the cur¬ 
rent. (P = I 2 R) The temperature 
rise heats the thermocouple junction at 
A, producing a d.c. voltage which will 
cause a d.c. current flow through the 
meter. Notice this is a produced d.c. 
and is not the current being measured, 
which is usually a.c. 

The heating effect of a current flow 
through a resistance will occur regard¬ 
less of frequency or wave form, so any 
a.f. or r.f. current can be measured by 
this device. In fact, the thermocouple 
is practically a standard r.f. current 
meter. To eliminate skin effect*, the 
resistance wire is made in the form of 
a hollow tube in models intended for 
ultra-high frequencies. 

These instruments are made in many 
ranges, from a few milliamperes up to 
practically any value wanted. An 
instrument sensitive to low currents 
is made by sealing the thermocouple 
and heater in a glass tube from which 
the air has been pumped. This is 
known as a vacuum thermocouple. 

The use of a thermocouple has an¬ 
other advantage—the meter and ther¬ 
mocouple do not have to be mounted 
together. This is important, as currents 
frequently must be measured in hard- 
to-reach places, such as in a transmis¬ 
sion line, transmitter tank circuit or 
antenna installation. It is impossible 
to run r.f. currents over long leads to 
a more convenient meter location with¬ 
out upsetting the circuit. Therefore, 
the thermocouple and heater unit is 


* Skin effect is the tendency of high-fre¬ 
quency currents to flow on the surface in¬ 
stead of through the center of the wire. 
This produces the effect of a change in re¬ 
sistance. By eliminating the center of the 
wire, all current must flow along the sur¬ 
face. so there is no change. 



placed right in the circuit containing 
the current to be measured. Then the 
d.c. produced is fed over a feeder line 
to the meter, as shown in Fig. 17. Choke 
coils L\ and L 2 , together with condens¬ 
ers Ci and C 2 , filter r.f. currents out 
of the line to the meter. Should 
the thermocouple be connected in a 
circuit where one terminal of the heater 
is grounded, the filter probably would 
not be required. If the line to the 



FIG. 17. The thermocouple permits remote 
meter readings. 


meter passes through any r.f. fields, 
it may pick up some r.f. energy which 
could cause an undesired current 
through the meter. Another condenser 
(or a pair connected like Ci and C 2 ) 
may be connected across the meter 
terminals to by-pass this r.f. 

The meter is calibrated by passing 
known currents through the heater ele¬ 
ment. These currents are usually d.c. 
or low-frequency a.c., which can be 
more accurately determined than r.f. 

As the deflection is proportional to 
the square of the a.c. being measured, 
the meter scale will be crowded at the 
lower end if a standard meter is used. 
That is, the deflection is smaller 
than normal for small currents, and is 
greater than normal for high currents. 
By using a meter with specially shaped 
pole pieces, it is possible to obtain a 
progressively decreasing d.c. sensi¬ 
tivity as the meter moves up-scale, so 
that the scale is more uniform. 

Such a meter is shown in Fig. 18. 
The pole faces have a shape which 
creates a non-uniform field between 
them with the maximum lines between 
the closest points (I and 2). When the 


meter coil is in the position Bhown 
in Fig. 18, the twisting force caused 
by the reaction of its field with the 
meter field is a maximum, so the coil 
will give a large deflection as the cur¬ 
rent through it increases. The more 
the coil rotates to the right or clock¬ 
wise, the smaller this twisting force 
becomes, so larger coil currents are 
needed to give the same amount of de¬ 
flection. Thus we have the decreasing 
sensitivity at the upper end of the 
scale that we were looking for, and our 
scale becomes practically uniform over 
its whole length. 

This special method of cutting the 
meter pole pieces increases the meter 
cost, but it is a means of getting an ex¬ 
tended current range without sacri¬ 
ficing the ability to read small values 
accurately. 

Photoelectric Types. This method 
is used only in experimental work, but 
you may meet it, so we’ll go into it 
briefly. 



FIG. 18 . Using pole pieces having a special 
shape produces a non-uniform magnetic field. 

The amount of light obtained from 
an electric light bulb varies according 
to the amount of current flow through 
the bulb. By connecting a photovoltaic 
cell to a meter and exposing the cell 
to a light bulb, the light will produce 
currents through the cell and meter 
proportional to that through the bulb. 
Then we can calibrate the meter in 
terms of the current flow through the 








electrodynamometers are calibrated by 
comparison with a standard, however, 
just like other meters. 

As the same current flows through 
both of the series-connected coils and 
as the deflection depends on the 
strength of both magnetic fields, the de¬ 
flection is proportional to the square of 
the current for direct current. For an 
alternating current, the meter deflec¬ 
tion is proportional to the square of 
the effective or r.m.s. value. Since an 
alternating current of any r.m.s. value 
will produce a magnetic field equiv¬ 
alent to that produced by a direct cur¬ 
rent of the same value, the meter scale 
is exactly the same both for d.c. and 
low-frequency a.c. This makes it pos¬ 
sible to compare the effective values 
of currents regardless of wave form. 

Large currents cannot be measured 
easily with an electrodynamometer, 
because the moving coil cannot be 
made of exceedingly large wire or have 
heavy leads gping to it. Although 
shunts can be used to a certain extent, 
a current transformer is the most com¬ 
mon way of extending the range of this 
meter. 

Current Transformers. As you 
will recall, a transformer will step up 
or down an a.c. voltage according to 
the ratio of turns on the primary and 
secondary windings. Also, negledfmg 
losses in the windings and core, the 
primary power will equal the secon¬ 
dary power. This means that if the 
secondary voltage is stepped up, the 
secondary current will be reduced in 
the same ratio so that the power 
(I X E) will be the same. Hence, a 
transformer which steps up voltage by 
a ratio of 1 to 3 also steps down' cur¬ 
rent by a ratio of 3 to 1. For example, 
if the primary voltage and current are 
110 volts and 4 amperes, the primary 
wattage is 440 watts. If the secondary 
voltage is stepped up three times, to 
330 volts, the secondary current must 
be one-third the primary current 


(1-1/3 amps.), so that the secondary 
power will also equal 440 watts. 

Therefore, by designing a step-up 
voltage transformer with low losses 
and a small primary, we have a step- 
down current transformer in which a 
large primary current flow will result 
in a small secondary current which can 
be indicated on a meter. This seconda¬ 
ry current is proportional to the pri¬ 
mary current, so the meter can be cali¬ 
brated in terms of primary current. 

Current transformers are usually 
found where very large currents are 
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FIG. 21. Current transformers. The core of the 
one at the left is snapped around the current- 
carrying wire. The one at the right is installed 
permanently, passing the power line through 
the center. These transformers are usually used 
on high-current power lines, where currents of 
25 amperes to thousand* of amperes are to be 
measured. 

measured. Where the current is several 
thousand amperes, the current trans¬ 
former may be just clamped around 
the conductor carrying the current, al¬ 
lowing this conductor to act as a single- 
turn primary Winding. Typical current 
transformers are shown in Fig. BL 
Although commonly used with elec¬ 
trodynamometers, current transform¬ 
ers can be used With any other a.c. me¬ 
ter having the required characteristics, 
such as the proper range and proper 
impedanee. However; since the ts^pe of 
meter used may have an effect on the 
calibration, the current transformer 
and meter combination have to be cal¬ 
ibrated as a unit. -^ 


Hot-Wire Meter. Another method 
which his been used to measure cur¬ 
rent depends on the fact that metals 
expand when heated. Any kind of cur¬ 
rent (a.c. r.f. a.f. or d.c.) with any 
wave form will heat and expand a re¬ 
sistance wire through which it passes; 
the amount of expansion will be a 
measure of the heat produced, and 
therefore of the current flowing. We 
can use this principle in a meter by 
making the expansion cause movement 
of a needle. 

Figure 28 shows a method of doing 
this. The wire which is heated is shown 
between A and B. This wire is held 
under tension by an adjustable spring 
(not shown). Attached to this wire 
at C is a metallic cord D which passes 
around the pulley P, continuing to the 
spring S which is fastened at E. The 
pulley and support E are made of in¬ 
sulating materials to prevent ground¬ 
ing the supply circuit through the me¬ 
ter frame or case. When a current 
flows through the wire A-B, it heats 
and stretches, sagging downward. This 


allows the spring S to pull the cord D 
around the pulley P, thus rotating the 
pulley to the right. The meter pointer 
X is attached to the pulley and is thus 
moved over a calibrated scale. 

This meter measures only high cur¬ 



rents and is easily burned out. Elab¬ 
orate means of compensating for sur¬ 
rounding temperature changes must be 
used. Also the amount the wire 
•stretches when a given current passes 
through it changes with repeated use, 
so such meters are no longer very pop¬ 
ular. 


Voltmeters 


Voltages, like currents, are measured 
by meters. In fact, a current meter 
can be used for voltage measurements 
if properly calibrated. You will recall 
that a certain voltage is necessary to 
force the required current through the 
resistance of the current meter. We’d 
be justified in saying that meter de¬ 
flection is proportional to the applied 
voltage, and in calibrating our meter 
accordingly. 

As an example, a 1-milliampere me¬ 
ter may have a resistance of 200 ohms. 
The voltage required for full-scale de¬ 
flection is E — I X R, or .001 X 200 
— .2 volt. Hence, we can use this meter 


as a 0-.2 voltmeter. This range is too 
low for ordinary service purposes, but 
we can increase it by increasing the 
meter resistance. 

Since increasing the resistance of the 
meter movement itself is not practical, 
resistance is added in series with the 
movement, so that a higher applied 
voltage is needed to drive full-scale 
current through the meter. If 800 ohms 
external resistance were added to the 
1-ma. meter in the example above, 1 
volt would be needed to give a full- 
scale reading. 

By adding sufficient resistance, any 
desired voltage range can be obtained. 



As with current meters, a angle meter 
having several ranges is desirable, so a 
low basio range is usually chosen and 
then additional resistors are connected 
in series to extend the range further. 
A typical switching arrangement is 
shown in Fig. 23. Resistor Si, together 
with the meter resistance, sets the 
basic voltage range. Then other re¬ 
sistors are added by the switch to ob¬ 
tain the desired extensions. 

Notice that a current flow through 
the*meter is being interpreted as volt¬ 
age because of the known resistance of 
the meter. This current must come 
from the source being measured, in ad¬ 
dition to that taken by the load, be¬ 
cause the voltmeter is connected across 
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the terminals where the electrical pres¬ 
sure (voltage) is to be measured. 

When the source has a low internal 
resistance (as is the case with a good 
battery) and the source is not supply¬ 
ing appreciable current to a load, the 
current taken by the voltmeter scarce¬ 
ly matters. However, if there is appre¬ 
ciable resistance in the source or be¬ 
tween the point of voltmeter connec¬ 
tion and the source , the readings will 
vary with the sensitivity of the volt¬ 
meter. Let’s learn more about this now. 

VOLTMETER SENSITIVITY 

As a practical example of a typical 
radio circuit, consider Fig. 24 . Sup¬ 
pose that resistor Ri has a value of 
50,000 ohms and the tube plate-cath¬ 
ode resistance is 25,000 ohms. The 


total resistance is then 75,000 ohms, 
so 4 ma. flows from the 300-volt source 
(300 ~ 75,000 — .004 ampere). The 
tube plate-to-cathode voltage will be 
100 volts, and the drop in resistor R 
will be 200 volts. 

Now suppose we connect a voltmeter 
as shown. Will it indicate 100 volts? 
This depends on the current taken by 
the meter, which must flow through 
resistor R\, in addition to the plate 
current of the tube. In other words, 
the meter is in parallel with the tube 
resistance, so our circuit is really that 
shown in Fig. 25. A few practical cases 
will help you see what happens. 

Case /. If the voltmeter in Fig. 24 
has a 100-volt range which requires 
10 ma. for full-scale deflection, its re¬ 
sistance Rm = E -f- 1, or 10,000 ohms. 
This resistance is in parallel with the 
tube resistance R P of 25,000 ohms, as 
shown in Fig. 25, so the resulting par¬ 
allel combination of meter and tube is 

Rp X Rm 25,000 X 10,000 

R P Ru 25,000 -f" 10,000 

7100 ohms, approximately. This value 
is in series with the 50,000-ohm resistor 
Ri, so the total circuit resistance has 
changed from 75,000 ohms to about 
57,100 ohms. The new total current 
from the 300-volt source is about 5.25 
ma. (300 -r- 57,100 — .00525 ampere). 
This current through Ri gives a volt¬ 
age drop of 262.5 volts, leaving only 
37.5 volts for the tube and meter par¬ 
allel combination. In other words, the 
tube plate voltage is now only about 
7/57 of the total, instead of 1/3. (The 
ratio is 7100 to 57,100 instead of 25,000 
to 75,000.) This means that the volt¬ 
age measured by the meter is about 
38 volts, instead of 100 volts. The con¬ 
nection of the voltmeter has upset the 
voltages so that more drop exists across 
R% (now about 262 volts) and less 
across the tube, giving a false indica¬ 
tion of the conditions existing without 
the meter. 











Case 8. Suppose we now use a volt¬ 
meter having a 100-volt range which 
only requires 1 ma. for full-scale de¬ 
flection. The meter resistance is 'now 
100,000 ohms. Figuring current and 
voltages as we did in Case 1 , we find 
that the plate voltage now measures 
85 volts, much closer to the original 
100 volts. 



FIG. 24. A typical voltage-measuring problem. 
The accuracy depends on the ohms-per-volt 
sensitivity of the meter. 


Case S . A 100-volt meter requiring 
only 0.1 ma. has a resistance of 1,000,- 
000 ohms. Such a meter will indicate 
about 98 volts if placed in the circuit 
of Fig. 84- The error now is only about 
2 °fo, well within the normal tolerances 
allowed for this kind of circuit. 

Obviously, in any circuit having ap¬ 
preciable series resistance, the lower 
the current needed to give deflection, 
the more nearly correct the results. 
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FIG. 25. Notice how the voltmeter resistance is 
in parallel with the tube plate-cathode re¬ 
sistance. 


For this reason, voltmeters used in 
radio service work require 1 ma. or less 
for full-scale deflection. 

Ohms-Per-Volt. The term <l ohms- 
per-volt” is used to express voltmeter 
sensitivity. The smaller the current 
needed for full-scale deflection, the 
greater the sensitivity of the meter. 
Also, the smaller the current for a giv¬ 


en voltage, the greater the meter re¬ 
sistance must be. (R = E -r-1) By 
dividing the total meter resistance by 
the basic full-scale voltage range, the 
ohms-per-volt rating will be obtained. 
Thus a 2-volt meter having 2000 ohms 
resistance is a 1000 ohms-per-volt me¬ 
ter. Ohm’s Law will let you figure 
ohms-per-volt ratings easily. Notice 
that this rating increases as meter 
sensitivity increases. 

Now here's something you should re¬ 
member. Service manuals usually give 
you radio circuit voltages (plate-to- 
cathode voltages, etc.) which are taken 
with 1000 ohms-per-volt voltmeters. 
But if you are using a more sensitive 
meter — say 20,000 ohms-per-volt — 
the readings you get when you measure 
these circuit voltages will be higher 
than the manual says for any high- 
resistance circuits, but will be more 
nearly correct for the actual circuit 
operating conditions. (You just learned 
why this happens.) Just remember this 
—set voltages will be higher than their 
service manual ratings in resistance 
coupled circuits, if you measure them 
with a voltmeter having a sensitivity 
greater than 1000 ohms-per-volt. How 
much higher, of course, depends upon 
the sensitivity of the meter, and the 
resistance in the circuit where it is 
connected. 

Knowing the ohms-per-volt rating 
of the meter makes it easy to extend 
the range. Just multiply the ohins- 
per-volt rating by the number of volts 
the range is to be extended. For ex¬ 
ample, if a 1000 ohms-per-volt meter 
is to be extended from 100 volts to 500 
volts, the extension is 400 volts. Multi¬ 
plying 400 by 1000 gives 400,000 ohms 
as the needed extra series resistance. 

A.C. VOLTMETERS 

Any of the standard alternating 
current meters can be used as an a.c. 
voltmeter in exactly the same manner 



just described. For service work, the 
copper-oxide rectifier and D’Arsonval 
meter combination is generally used. 
This type has better sensitivity char¬ 
acteristics than any except the vacuum 
tube voltmeter, which will be taken up 
in another lesson. 

The copper-oxide rectifier type a.c. 
voltmeter usually has a sensitivity of 
1000 ohms-per-volfc, requiring 1 ma. for 
full-scale deflection. Even lower sensi¬ 
tivities are permissible in service work, 
where the usual a.c. meter readings 
are filament voltage, power line volt¬ 
age, rectifier plate voltage and output 
voltages during alignment. The sources 
for these first three measurements have 
low series resistance, so the current 
drawn by the meter does not greatly 


matter. For output readings, only an 
indication of the maximum voltage, 
not the exact amount, is usually de¬ 
sired. 

Of course, the copper-oxide unit has 
the same faults described before; it is 
easily overloaded and has shunting 
capacity. When overloaded, one ele¬ 
ment usually burns out so readings fall 
to half-normal. The effect of the 
capacity of the copper-oxi(^e rectifier 
is more pronounced with a voltmeter 
than with a milliammeter, because of 
the series resistances. However, the 
copper-oxide types, are reliable up to 
1000 cycles or so, which is sufficient 
for output purposes, as most signal gen¬ 
erators are modulated at about 400 
cycles. 


Ohmmeters 


Since we can now measure voltages 
and currents, we can use Ohm’s Law 
and calculate the resistance in a cir¬ 
cuit or device. However, this is a cum¬ 
bersome method; a more speedy way of 
finding the resistance is desirable. 

Suppose we make up a circuit con¬ 
sisting of a known fixed voltage source 
in series with a current meter. When 
we connect a resistor into this circuit, 
the amount of current flow will be in¬ 
versely proportional to the value of 
the resistor. Then we can calibrate 
the meter in terms of resistance, and 
we will have a resistance indicator or 
ohmmeter. 

Figure 26 shows how such a meter is 
designed. The resistance R 2 is adjusted 
so that its resistance plus that of Ri 
and the meter is just sufficient to per¬ 
mit a full-scale deflection on the cur¬ 
rent meter (using a known battery 
voltage) when the test prods are 
touched together. Then when the cir¬ 


cuit is opened and the unknown re¬ 
sistance Rx is inserted, the meter will 
indicate some lower value, depending 
on the added resistance. 

As the battery voltage will decrease 
with age and use, and .also since the 
meter and resistance values may be off 
somewhat, resistor R 2 is adjustable. 
Actually, Ri and R 2 could be a single 
resistor, but if adjustments are not 
correctly made, the meter could be 
damaged. Hence, R\ is fixed and has 
a value sufficient to prevent meter 
damage. 

This adjustable resistor is set for 
a full-scale meter deflection, which ad¬ 
justs for zero ohms on the scale. 

As the battery ages, its voltage 
drops* so R 2 is decreased to restore 
zero. This change in voltage and re¬ 
sistance upsets the calibration, how¬ 
ever ; the ohmmeter accuracy will vary 
directly with the percentage change of 
battery voltage. Thus, a 10% drop in 



battery voltage will cause a 10% error 
in the ohmmeter reading. Fortunately, 
battery voltages are relatively stable 
over long periods of time, so replace¬ 
ments are not too frequently required. 

By designing the ohmmeter for the 
rated battery voltage, advantage can 
be taken of the fact that battery volt¬ 
ages are somewhat higher when new. 
Then the ohmmeter will read a few per 
cent high with fresh batteries, and 
will then drop to exact readings and 
gradually read lower as battery volt¬ 
age decreases. This has the effect of 
halving the error, as a 10% battery 
voltage change now produces a 5% 
variation each way from the correct 
reading. The sizes of R\ and R 2 are 
usually chosen so that when R 2 can no 
longer be adjusted for zero ohms, the 
percentage of error has exceeded that 
set by the manufacturer, so a new bat¬ 
tery must be obtained. 

The ohmmeter is definitely a service 
instrument—it does not have sufficient 
accuracy for laboratory work. How¬ 
ever, in service work, parts may nor¬ 
mally vary as much as 20% anyway, 



F!G. 26. This series ohmmeter is best for 
medium and high-resistance values. 


so an error of a few per cent in 
measurement is not of great import¬ 
ance. 

The fact that voltage variations 
will upset the ohmmeter is one of the 
reasons that power packs are not more 
widely used with ohmmeters. Only a 
well-regulated power pack will have a 
sufficiently stable output voltage. 

The type of ohmmeter we have been 
considering is known as the series type, 
as the battery, meter and resistances 


are in series. This type can easily be 
recognized, as the “zero-ohms” posi¬ 
tion is at the right of the meter scale, 
with increasing resistance values to 
the left. This is just the reverse of the 
ordinary meter scale. 

As with other instruments, the range 
is of importance. In service work, the 
wide range of resistances met (from 
.05 ohm for r.f. transformers to sev- 



FIS. 27. A typical series ohmmeter scale having 
a 3000-ohm center-scale value. 


eral thousand megohms for leakage 
measurements) presents quite a prob¬ 
lem. Let’s investigate this further. 

Useful Range. Having made an 
ohmmeter using some particular meter 
and total resistance, just what range of 
values will it indicate? Let us sup¬ 
pose we are using a 1-ma. meter and a 
3-volt battery. This means the meter 
-f- 12 1 R 2 resistance is adjusted to 
3000 ohms so 1 ma. can flow. You will 
see that the meter will read mid-scale 
(half the current) when a resistance of 
3000 ohms is being measured, as we 
then have doubled the circuit resistance 
and still have the same voltage. Now, 
the most useful portion of the meter 
scale will be between values about 100 
times the mid-scale value and 1/100 
the mid-scale value. Thus, if the mid¬ 
scale value is 3000 ohms, the ohm¬ 
meter will be best calibrated and easi¬ 
est read between 300,000 ohms and 
about 50 ohms. Higher and lower val¬ 
ues can be read on this scale, but the 
readings become hard to make. Actu¬ 
ally, this range is probably readable 
up to about 500,000 ohms, and values 
of 10 ohms or so may be estimated. 

Figure 27 shows a typical ohmmeter 
scale based on these values. The 









crowding at the low end is caused by 
the fact th»t the' meter resistance is 
becoming much larger than the resist¬ 
ance being measured, so that changes 
in the latter have less and less effect 
on the current flow. 

At the other end of the scale, the 
current is primarily determined by the 
external resistance. When the external 
resistance gets large, adding more re¬ 
sistance doesn’t change the current 
much. Thus, at the low-resistance end, 
a scale division may represent only 
50 ohms, while at the other end, several 
thousand ohms may be indicated by 
the same space on the scale. 

The series ohmmeter is excellent for 
medium and high ranges, but is not 
the best type for low ohmic values. 
For measuring low resistances, we can 
lower the series resistance, but the 
lowest normal battery voltage is 1.5 
volts, so there must be enough resist¬ 
ance to limit the current at the full- 
scale value. By reducing the meter re¬ 
sistance through the use of high cur¬ 
rent meters or shunts, or by using volt¬ 
age dividing circuits to get lower volt¬ 
ages, somewhat better results can be 
obtained. However, this requires com¬ 
plex circuits and means a high current 
flow, which in turn means short bat¬ 
tery life and possible damage to the de¬ 
vice being tested. 

Low-Range Ohmmeter. A shunt-: 
type ohmmeter circuit, shown in Fig. 
28, is used to measure low values of 
resistance. The resistor R is adjusted 
until the meter reads full-scale with 
the test leads separated. When the test 
leads are connected to the resistance 
being measured, a lower meter read¬ 
ing results, as the unknown resistance 
R x is connected in parallel with the 
meter and acts as a shunt across the 
meter. Notice these two important 
facts: (1) zero ohms on the shunt me¬ 
ter is at the left, exactly opposite to 
a series ohmmeter; (2) if the test 


probes are held together, the meter is 
short-circuited and cannot read. You 
will see that the “zero adjustment” on 
a shunt meter is actually the full-scale 
adjustment. 

This circuit is excellent for low re¬ 
sistances. By using a low-resistance 
meter, the battery current flow will 
be primarily determined by resistance 
R, which can be fairly high. For ex¬ 
ample, if a 27-ohm, 1-ma. meter were 
used with a 1.5-volt battery, resistor 
R would have to be adjusted to about 
1473 ohms to limit the current to 1 mu. 



FIG. 28. TM$ $hun+ ohmmeter is excellent for 
low-resistance values. 


Since the resistance of R is so high 
compared to that of the meter, shunting 
the latter with even a very low-resist¬ 
ance device will have very little effect 
on the current drawn from the battery. 
We can assume the current flow is a 
constant amount and just divides be¬ 
tween the meter and the unknown R x . 

A resistance equal to the meter re¬ 
sistance gives mid-scale deflection 
(since the current then divides equally 
between the meter and the unknown 
resistor). The best scale range is again 
from about 100 times to 1/100 the 
center scale value. 

High-Range Ohmmeters. As men¬ 
tioned before, the series ohmmeter is a 
medium and high-resistance indicator. 
However, there is a practical limit to 
the range, which is determined by the 
current required for the meter. Until 
recent years, service instruments were 
usually 1-ma. meters—and such me¬ 
ters require very large power supplies 
to measure very high resistances. For 







example, using a 1-ma. meter to ob¬ 
tain a useful scale above 60 megohms 
requires 500 volts or so. 

Servicemen were thus limited to 
ranges readable up to 1 or 2 megohms. 
However, when more sensitive meters 
became generally available, one of the 
first results was an extension of the 
upper ohmmeter range. Meters with 
50 to 200-microampere ranges (.05 to 
.2 ma.) permit the construction of 
ohmmeters of 20 to 50-megohm ranges, 
using no more than 45 volts. 

Even these meters aren't sensitive 
enough to measure small amounts of 
leakage in condensers or in shielded 
cables. Laboratories formerly used 
“meggers” for this purpose. These 
megohmmeters were high-voltage de¬ 
vices with a hand-operated 500-volt 
generator and a special meter move¬ 
ment. 

In recent years, vacuum tube cir¬ 
cuits have been developed which meas¬ 
ure values up to 1000 megohms and 
higher. These have replaced “meggers” 
generally; they will be taken up else¬ 
where in your Course. 

Using Ohmmeters. Since the ohm- 
meter depends on its own battery for 
operating power, it is not used like a 


voltmeter or current meter. The latter 
two measure operating conditions, so 
the radio circuit being checked must 
be connected to its normal source of 
power and must be turned on. On the 
other hand, the circuit must be turned 
off when an ohmmeter is being used. 
This is an advantage at times, as the 
circuit need not be in operating con¬ 
dition when an ohmmeter is being used. 

When making tests for circuit con¬ 
tinuity, the ohmmeter is connected be¬ 
tween selected points, as you will learn 
in other lessons. Then, when the de¬ 
fective circuit has been located, the 
various parts are individually checked. 
When a certain part is to be checked, 
remember that any parallel path in the 
set can give false readings. Hence, 
the part being checked should be dis¬ 
connected from other parts if the re¬ 
sults appear unusual. 

The shunt-type meter draws current 
continuously from its battery as long 
as it is connected. Therefore, it always 
has a switch or other means for dis¬ 
connecting the battery when readings 
are not being made. Remember to turn 
off this meter when not in use; other¬ 
wise, the battery will run down quick¬ 
ly- 


Multimeters 


As you have probably noticed, the 
same kind of meter can be used for 
voltage, current and resistance meas¬ 
urements. The only differences are the 
ways in which resistances are arranged 
as shunts and multipliers, the use of 
rectifiers for a.c., and the variable re¬ 
sistances and battery used on ohm¬ 
meters. Naturally, it would be very 
handy to have all these functions com¬ 
bined in a circuit using a single meter. 
That's exactly what the modern service 


multimeter is. 

There are many types of multime¬ 
ters, having the same basic functions 
but differing in appearance, method of 
switching ranges, meter sensitivity and 
sometimes in the number and extent 
of the ranges available. These can be 
separated into two types, those using 
rotating switches for selecting ranges 
and functions, and those using plug-in 
or pin jacks for this purpose. Let’s con¬ 
sider the latter type first. 
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PIN-JACK TYPE 

Figure £9 shows a typical circuit. 
There are five controls on this instru¬ 
ment—two switches and three ohm- 
meter adjustments. Switch STPi is used 
to set the meter for a.c. or d.c. meas¬ 
urements. 

There are eighteen jacks on the 
tester into which the test leads can be 
plugged. By choosing the proper pair 
of jacks, the proper range is obtained 
automatically. When a different range 
is needed, another pair of jacks is used. 

Resistors Bi, R% and Rs serve as a 
series shunt across the meter for d.c. 
current measurements. The jack 


tifier in the circuit. The jack marked 
“AC±” is the common a.c. voltage 
jack so one test lead is plugged in here 
for a.c. readings. However, at times 
you have to make a measurement in a 
circuit containing both a.c. and d.c. As 
the d.c. would cause false a.c. readings, 
it is blocked out by a condenser C, con¬ 
nected to a jack marked “output.’' 
This jack is used as the common jack 
whenever the a.c. only is to be read. 
The other test lead is plugged into 
the “A.C. VOLTS” jack correspond¬ 
ing to the proper range. Resistors 
Rs to Rn are the necessary volt¬ 
age multipliers. Resistor 12 is 
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PIG. 29. A multimeter of the pin-jack type. 


marked “DC —” is used for all d.c. 
ranges so is called the “common ter¬ 
minal”; one test lead is plugged here 
while the other is placed in the current 
jack marked for the desired range. 

Resistors R i to Rj are voltage multi¬ 
pliers. The current shunt resistors R u 
Rz, R& remain in the circuit to give a 
basic 1-ma. meter movement (sensi¬ 
tivity is 1000 ohms-per-volt). Again 
the “DC —” jack is the common termi¬ 
nal; one test lead goes here while the 
other is plugged into the desired d.c. 
voltage jack. 

For a.c. voltage measurements, 
switch SWi. is thrown to the AC posi¬ 
tion, thus inserting a copper-oxide rec- 


a correction resistor, used to adjust the 
a.c. range according to the meter and 
copper-oxide rectifier characteristics. 

Although the ranges of the d.c. and 
a.c. voltages are the same, they do not 
usually use the same meter scale, be¬ 
cause the rectifier characteristics 
change somewhat with the amount of 
current flowing through it. This usual¬ 
ly means that the a.c. scale will be 
crowded near zero. Separate scales are 
therefore on the meter face for each 
purpose, direct current and voltage, 
a.c. voltage, and resistance. A typical 
scale is shown in Fig. SO. 

Both series and shunt ohmmeter 
ranges are provided. The “Common 
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Ohms” jack is one terminal for all 
ohmmeter ranges. Switch SW 2 is closed 
for shunt ohmmeter measurements. 
(This switch must be open for all other 
measurements.) This places i?ia and 
battery Br in the circuit. The “ SOOco” 
jack is used for this shunt ohmmeter. 

There are two series ohmmeter 
ranges, using a tapped battery B 2 and 
separate zero adjustments. The a.c.- 
d.c. switch must be in the d.c. position 
for all ohmmeter measurements. 

Practical multimeters of this type 
may have fewer or different ranges, but 
the circuits will be essentially like the 
one just described. 

SELECTOR SWITCH TYPE 

This multimeter eliminates most of 
the jacks by using a multiple selector 
switch to select the desired range and 
function. A typical one is shown in Fig. 
SI. Switches SWi and SW 2 are ganged 
together. In position 1, the highest 
voltage range is obtained, through mul¬ 
tipliers .Bi, R 2 , Rz and R Notice that 
only switch SW 2 is in the circuit at this 
setting, while at other settings SWi is 
in alone or in combination with STF 2 . 

In positions S, S and 4 of the se¬ 
lector switches we have the remaining 
voltage ranges; positions 5, 6 and 7 
are the current ranges; position 8 is a 
shunt ohmmeter and position 9 is a 
series ohmmeter. Other ranges can be 
provided by adding other switch con¬ 
tacts. 

Note that the same multiplying re¬ 
sistors are used both for a.c. and d.c. 
voltages. This is possible where similar 
ranges and sensitivities are provided. 
Of course, the a.c. ranges will be 
marked on different scales. 

Where the d.c. voltage ranges are at 
sensitivities greater than 1000 ohms- 
per-volt, it is standard practice to 
shunt the a.c. ranges so they remain 
1000 ohms-per-volt. This requires sep¬ 
arate multipliers for d.c. and a.c. and 


usually requires more switch sections. 

The test leads are plugged into the 
jacks marked “DC—” and “+” for 
d.c. voltage, d.c. current and ohmmeter 
measurements. The jacks “+” and 
“AC ±” are used for a.c. voltages, 
while the jacks “+” and “output” are 
used for a.c. readings when d.c. must 
be blocked out. This jack is marked 
“output” because it is usually used for 
making output voltage measurements 
in the plate circuit of the power tube. 


Tolerance. How accurate do our 
measuring devices have to be? The 
answer depends on the type of work be¬ 
ing done. 

In a research or design laboratory, 
highly accurate measurements may be 
desired. Here, expense usually does not 
matter; it is worth the price of hand- 
calibration and extreme care to make 
sure of success in the particular work 
being done. Further, precision parts 


IN u. s. * 

O ®OON DIVIDE By 

0 .#,»EG "W-TIPly ^ (o 



FIG. 30. Typical multimeter scales. Don't worry 
about reading this one—you will get instructions 
with any meter you buy. From the top down, 
the scales are: series ohmmeter; shunt ohm¬ 
meter; d.c. voltage and current; and last, a.c. 
voltage. 


are usually used in research, so the ob¬ 
served results can be checked closely 
by calculations. 

If this research is being carried on 
for a radio set manufacturer, some par¬ 
ticular circuit design may be devel¬ 
oped. Then, parts will be varied over 
wide limits to see just what variations 
can be permitted and still obtain rea- 
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sonably good results. Thereis a very 
important reason for this—-the ques¬ 
tion of cost. Precision parts are prac¬ 
tically hand-made, and therefore quite 
expensive. But if wider tolerances are 
permissable, it will be possible to use 
cheaper mass-production parts, thus 
lowering the cost of the set. 

When a radio set is made from parts 
having tolerances of 10% to 20%, the 
manufacturer is interested in over-all 
results, not the exact happenings in 
each stage. Thus, it is possible for 
readings to be off 30% to 40% from 
the expected value in many instances, 
yet the receiver may give average re¬ 
sults for its type. Therefore, there is 
little reason for the serviceman to us< 


meters having an accuracy better than 
2%. Far wider variations will arise in 
the radio circuit itself. 

One of the things you must learn in 
service work is to interpret the read¬ 
ings obtained, considering the cir¬ 
cuits where measurements are being 
made. In one circuit, variations of 60 
volts or so may be expected, while in 
another a few volts variation may indi¬ 
cate trouble. After gaining a little 
experience, your growing knowledge of 
circuits and their operation will soon 
help you determine just what to expect. 
Just remember that a meter cannot 
point out the trouble; it can only tell 
you what circuit conditions are, from 
which you in turn figure out the cause. 
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Lesson Questions 


Be sure to number your Answer Sheet 28 FR- 3 . 

Place your Student Number on every Answer Sheet* 

Send in your set of answer* for this lesson immediately after you 
finish them , as instructed in the Study Schedule. This will give you the 
greatest possible benefit from our speedy personal grading service. 


1. Is the resistance of a shunt used to extend a 1-ma. meter to 100 ma. more, 
less, or the same as the shunt used to extend the range to 10 ma.? 



2. Will the current indicated by a milliammeter in the cathode circuit of a 
screen grid tube be an accurate measurement of the plate current? 
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3. Give the five rules for connecting a current meter. 

P 7 

4. What will happen if you attempt to measure 60-cycle a.c. with a D’Arson- 
val meter alone? 






5. Which types of meters can be used to measure high audio frequency cur¬ 
rents accurately, regardless of wave form? 

frb 

6. Suppose a copper-oxide rectifier voltmeter reads about 55 volts when you 
are checking a 110-volt power line. What is the probable trouble? 

^ . / T 
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7. In measu/ing voltage in high-resistance circuits, will a 20,000 ohms-per- 
volt meter or a 1000 ohms-per-volt meter give more accurate circuit 
voltage measurements? 
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8. Which type of ohmmeter, when turned on, draws current from its battery 
. even though the test leads are not touching each other? 

9. Is the “zero” adjustment for a shunt type ohmmeter made when the test 
leads are held together or when they are separated? 








Suppose you are measuring in a circuit where both a.c. and d.c. exist to¬ 
gether and you wish to measure only the a.c. Would you use: 1, the “ACit” 
multimeter jack; or 2, the “OUTPUT” jack, to exclude the d.c.? 
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